Using recent results in tandem queues and queueing networks with renewal input, when successive service times of the same customer are varying (and when the busy periods are frequently not broken up in large networks), the local queueing delay of a single server queueing network is evaluated utilizing new concepts of virtual and actual delays (respectively). It appears that because of an important property, due to the underlying tandem queue effect, the usual queueing standards (related to long queues) cannot protect against significant overloads in the buffers due to some possible "agglutination phenomenon" (related to short queues). Usual network management methods and traffic simulation methods should be revised, and should monitor the partial traffic streams loads (and not only the server load).
Introduction
In this paper, we utilize recent results in tandem queues and queueing networks to evaluate the local queueing delay in single server queueing networks (excluding ring networks) with renewal input, when successive service times of the same customer are varying, and when busy periods are frequently not broken up in large networks (leading to the useful concept of equivalent tandem queue). We assume that customers only gain access to a downstream queue after completion of the upstream service. At each queue, the service discipline is "first-come-first serveCP (FC-FS).
Classical theories (i.e., the product form theory) ignore some queueing phenomena which occur between entry to the network and the considered local point, and influence the local queue. In particular, the influence of the indistinguishability of the customers inside the upstream busy periods affects the distribution towards a given destination. Markovian queueing networks typically use the concept of local transition rates independent of upstream interferences. For converging traffic streams, busy periods tend to amalgamate from state-to-stage, leading to a predominant influence of the longest service times. In the same way, this indistinguishability in the upstream busy periods leads to a new concept of a local apparent queueing delay related to the overall upstream queueing delay. Here, only a part of the delay observed upstream is perceived downstream, leading to some reduction factor for diverging traffic streams, and to new concepts of virtual and actual local queueing delays, res- pectively.
Curiously and due to this reduction factor, this last phenomenon of indistinguishability tends to assimilate the long local queue to a classical G/G/1 server queue, and the usual queueing standards may only use the G/G/1 server model. This does not mean that the actual queueing model can be represented simply by a G/G/1 server. On the contrary, it may be dangerous to dimension the buffers using only this G/G/1 server model, particularly in case of infinite support for the service time distribution. In the network, servers are occupied by service time. But in the buffers, servers are occupied by sojourn time (i.e., the sum of the queueing delay and the service time). Short and medium service times may overload buffers due to the agglutination phenomenon of short service times behind long service times, leading to the same occupancy for long and short service times. Since busy periods tend to amalgamate, this phenomenon is amplified from stage-to-stage, leading to a strong influence of the longest service times with a necessarily limited length.
If the methods of buffer dimensioning have to be revised, the same follows fro network management methods in which partial traffic streams loads (i.e., traffic intensities) should be monitored (and not only the server loads). This avoids some fast buffer congestion generalizing (in a large area of the network) the inaccessibility to the servers, since the agglutination phenomenon is transmitted downstream immediately.
In Section 2, we define our notation and assumptions. In Section 
Notation and Assumptions
We assume the system is in the stationary regime.
The Local Queue
The total arrival process at a local queue (considered at the entry to the network) is assumed to be renewal, with Fo(0 denoting the distribution function of the interarrival intervals. Local service times are mutually independent and independent of the arrival process. 
To present the following expressions, we will use Cauchy contour integrals along the imaginary axis in the complex plane u. If the contour (followed from the bottom to the top) is to be right of the imaginary axis (the contour being closed at infinity to the right), we write f +0" If the contour is to the left of the imaginary axis, we write f -0" Pollaczek [6] gave the expressions:
For tandem queues, it will be useful to introduce these other expressions, related to the case where T < t"
Consequently, we have: Secondly, we will consider the special impact of "premature departures" (due to the concept of "apparent" upstream delays) to define the actual local queueing delay.
Consequently, a reduction factor will appear to lead (in part) towards the GI/G/1 queue. This reduction factor (as a function of B and the considered incoming path) may generate the same influence as a hypothetical number of identical incoming paths in Figure 2 truncated network to replace the actual number n. Consequently, Figure 2 will be a reference figure in our paper.
3. Preliminary Theory 
In queueing formulae, when m o is between two successive integers, we will use an interpolation between delays related to these integers, or directly the possible fractional m o in formulae. In Le Gall [2] , relation (3) , and in Le Gall [3] , relation (7), we gave the following condition for busy periods not broken up: 
The left-hand side may be written: S n n t-(-T + 1). Note that this equivalence could be also valid (for m large) in the case of mutual independence for successive service times, if T (k-2,..., m + 1)is replaced by s in the denominator of (13), at heave load (s being high).
Finally, Hypotheses 1 and 2 allow handling of the (almost) general case by the simple packet switched case. In Le Gall [5] , we gave the virtual local sojourn time distribution (at the final stage). We let, from notations (1) and (4) 
In Le Gall [5] , we also gave an approximated expression for relation (17), for the situation when m increases. Consider the longest service time TN, and the service times almost so long (total arrival rate: ,XN; total load" p). Since (N/) is low, the approximation for U(t,m), independent of any segmentation of service time with medium lengths, is:
for O < t TN:
The impact of the longest service times comes from the "agglutination phenomen- [2] , Subsection 3.1, for large n > 5). The distribution function of this local jitter delay is" for 0 < t < Y"-T:
(1 1) p.
1 p". + T'
with T"
for t > T"-T:
The accuracy is better when the load of long service times is lower than 0.3p. This jitter effect is only significant for heavily loaded networks. total load a (excluding the load of cross-traffic streams); part of this total load offered to the final queue a.
For an arbitrary customer (coming from the ith and from any incoming path, respectively), we introduce the following ratios (defining the numbers n and hi, respectively), replacing the number n in Figure 
with U(m) being given by expression (32). In the same way, we could evaluate the second moment.
The Buffer Rejection Rate
If K is the buffer capacity, a customer is rejected on his local arrival if the number of customers j waiting is such as: j >_ K-1. If j denotes the number of customers in the local system (waiting or with service in progress), the rejection condition becomes: j >_ K. We suppose that a rejected customer repeats his arrival at the entry to the network. It follows that traffic handled locally is not decreasing, with the queue length distribution giving a good approximation of the rejection rate, when its value is low.
In conclusion (c) of Subsection 3.3, we noted that an arbitrary local customer can see the tandem queue effect (with its rejection rate) with a probability (l/u1) including the jitter effect, and the classical GI/G/1 queue (with its rejection rate) in the other cases. We introduce the following notation for an arbitrary local customer (in stationary regime)" Ro(K) rejection rate due to the GI/G/1 queue; RI(K) rejection rate due to the tandem queue; R(K) the total rejection rate.
Note that the rejection rate due to the jitter effect may be neglected. comment above, and using relation (23), we may write:
(a) Due to our R(K) (n-) RI(K) + (1 n)" R0(K) (34) Evaluation o:f Ro(K). For the classical, local GI/G/1 queue, we recall our notation (2) . Fo(t) is the distribution function of the interarrival intervals (at the entry to the network). Wo(t) is the distribution function of the local queueing delay. Expression (35)in Le Gall [4] The distribution function U(t,m) of the virtual local sojourn time U(m), at the final stage of the equivalent tandem queue, as defined by expressions (15) and (17), has been given in Le Gall [5] , formula (36):
fort <TI: for T k < t < Tk+l: In fact, when m increases, a good approximation Ul(t,m) is given by expression (18), depending only on the set (N, TN). The classical Pollaczek formula gives"
Wo=-'l-p T" 
Note: It follows that the virtual sojourn time distribution is not practically changed when we segment packets of medium lengths.
A Numerical Example: It may be interesting to consider the case of Figure 2 , with a load p in each incoming path (i 1...n), and in the considered terminal link j.
But we introduce some dissymmetry in the distribution of this load by introducing the following distribution Pi(J), related to the load of the partial traffic stream Ai(j) with j being given:
n-I
We let:
In relations (an) and (40), n 1 is defined by expression (21), which gives"
In fact the buffer load increases with Po, the load of the partial traffic stream A . In Table 1 , we consider the case of an "IP" (Internet Protocol) traffic: n-10, 
Wl(t) corresponds to the asymptotic expression of the queueing delay distribution Wo(t) for the M/G/1 queue model. In Le Gall [4] , expression (32) 
